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(57) ABSTRACT

A medical device includes an energy storage unit that is
configured for being supplied with solar energy. The medical
device is configured for an evaluation of a charging state of
the storage unit according to a medical workflow and for the
output of information related to the result of the evaluation or
a signal related to the evaluation. A supply of energy is pro-
vided during the workflow.
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SOLAR POWERED OPERATION OF
MEDICAL DEVICES

This application claims the benefit of DE 10 2010 004
720.1, filed on Jan. 15, 2010.

BACKGROUND

The present embodiments relate to a medical device with
an energy storage unit that is configured to be supplied with
solar energy.

In many developing countries (e.g., Africa, India, and
Western China), the supply of power via power supply net-
works is insufficient or entirely non-existent in rural areas.

Any power supply networks that do exist may not be suf-
ficiently extensive to meet the demand and are not adequately
safeguarded against failures. With the existing power supply,
network fluctuations and interruptions occur.

Therefore, fossil-fuel powered generating sets may be used
in order to generate power in a reliable manner.

Another source of energy used in many of the developing
countries referred to above is solar energy.

The direct conversion of solar energy into electrical energy
may take place using solar cells. This technology is also
referred to as photovoltaics and dates back to the 1950s. The
first applications were in the field of space travel. Photovol-
taics have opened up a range of other fields of application
(e.g., mobile telephones, which have received much attention
in recent years).

This development is supported by improvements in the
field of solar cells (see, e.g., EP 1160879 A2) and energy
storage (see, e.g., US 2003/0035261 A1), which bring more
fields of implementation into scope.

US 2006/0274890 A1, for example, discloses a portable,
solar-powered diagnostic device for applications in dental
medicine.

Many demands are placed on photovoltaic applications in
the medical field, which are not fulfilled by solar-powered
devices in the prior art.

Such demands relate to, for example, safety requirements
and demands concerning typical workflows in the medical
field.

SUMMARY AND DESCRIPTION

The present embodiments may obviate one or more of the
drawbacks or limitations in the related art. For example, sup-
ply of medical devices with solar energy may be improved.

Embodiments and advantages explained below in connec-
tion with the X-ray device also apply correspondingly to the
method and vice versa.

The present embodiments proceed from the basis of a
medical device (e.g., a radiography device, a mammography
device, a computed tomography device, a mobile or station-
ary C-arm, an ultrasound device, or a magnetic resonance
imaging device) with an energy storage unit that is configured
for being supplied with solar energy. The medical device is
configured, according to the present embodiments, to per-
form an evaluation of a charging state of the storage unit
according to a medical workflow and for the output of infor-
mation related to the result of the evaluation or a signal related
to the evaluation (e.g., a control signal). Information may be
output, and a signal may be generated. The information may
relate to the feasibility of executing the medical workflow and
is, for example, visibly reproduced on a display for the oper-
ating personnel. An acoustic output of the information may
also be produced. A signal output may be, for example, the
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control signal. For example, the workflow is thus enabled
(e.g., the workflow is blocked until the charging state of the
storage unit will allow a correct workflow or a proper execu-
tion).

The medical workflow may be, for example, the execution
of one or more patient examinations or patient treatments
(e.g., a single examination: an X-ray recording or a plurality
of X-ray recordings carried out during a diagnosis that are
compiled to form a three-dimensional image). A combined
workflow may also come into question. The combined work-
flow includes, for example, one or more diagnostic steps and
one or more treatment steps. In this case, the medical device
may be part of a medical system including a plurality of
medical devices that all access the energy storage unit.
Checks may be geared such that sufficient energy is available
in the storage unit for all devices involved in the workflow for
a correct workflow.

The present embodiments have the advantage that a supply
of'energy during the workflow is provided. The possibility of
aworkflow having to be interrupted or prematurely ended due
to an insufficient quantity of energy stored is prevented. The
unnecessary use of resources in terms of devices, personnel
and energy is avoided, and radiation producing no result due
to premature termination and thus unnecessary exposure of
the patient to radiation is prevented.

Therefore, due to uncertainties or existing tolerances lead-
ing to inaccuracies affecting the workflow, an energy reserve,
which is not undershot in a planned workflow, may be pro-
vided in the storage unit.

In one embodiment, the device may be configured for an
additional supply using a network connection. The additional
supply using the network connection allows resources made
available via a network (e.g., a power network) to be accessed
when the resources are available. For example, the storage
unit may be configured for charging both using solar energy
and also using network energy. This embodiment may be
useful for mobile devices that are implemented in different
situations relating to the energy supply (e.g., available and
sufficient network supply or a network supply that is reliable/
unreliable).

The present embodiments also relate to a method for evalu-
ating a charging state of an energy storage device according to
amedical workflow, where the storage unit is configured to be
supplied with solar energy. During the method, the charging
state of the storage unit is ascertained. An energy available
according to the charging state is determined. “Energy” may
be a variable relating to the energy of the storage unit (e.g., a
total stored energy, an available power, a voltage that may be
produced for a period of time). In one embodiment, the vari-
able is selected, such that a relationship with the feasibility of
executing the workflow may be made. For the workflow, the
corresponding variable and energy are determined. Both val-
ues for energy (e.g., value for energy available in the storage
unit and value for the energy required in the workflow) are
compared and evaluated as to whether sufficient energy is
available in the storage unit for the medical workflow. Infor-
mation is output or a signal generated according to the result
of the evaluation.

In one embodiment, when the result of the evaluation is
positive (e.g., when the energy available in the storage unit is
greater than or equal to that required for the workflow), the
medical workflow is enabled.

The device may be configured for making a change to the
medical workflow in the event of a negative result of the
evaluation in order to reduce the energy required. The change
in the medical workflow to reduce the energy required may be
suggested by a controller of the device.
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After the change in the medical workflow in response to the
negative result, a new evaluation (e.g., automatic) may be
carried out.

In one embodiment, a time period, after which the charging
state of the storage unit allows the medical workflow to be
carried out, is estimated for a negative result of the evaluation.
Once the time period has expired, a new evaluation may be
executed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the supply of a
medical device with solar energy;

FIG. 2 is a schematic representation of one embodiment of
a medical device; and

FIG. 3 is a workflow diagram of one embodiment of a
method for evaluating a charging state of an energy storage
unit of a medical device.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows schematically the supply or feeding of an
X-ray tube 1 with solar energy. X-ray devices may use a high
voltage in the range of 25 to 150 kV, for example. The high
voltage is produced by a generator 3. The energy supply or
voltage supply for the generator 3 is provided by an energy
storage unit 2 (e.g., storage unit). The voltage supply for the
generator 3 may fall below a voltage of 50 V. The energy
storage unit 2 is charged using solar panels or solar collectors
5 that may be formed of solar cells, for example. The solar
panels 5 are connected to an electronic system 4 of the X-ray
device using a wire 6, for example. The electronic system 4
has circuitry that assumes functions for charging of the stor-
ageunit 2 (e.g., overvoltage protection and conversion tasks).
In the electronic system 4, the solar panels 5 may be located
separately from the X-ray device. For example, the solar
panels 5 may be mounted on the roof of a house or a vehicle,
where the house or the vehicle has an interface, via which the
X-ray device may be connected for the charging process.

A storage system based on batteries (e.g., lead batteries) or
supercapacitors (e.g., electrochemical dual-layer capacitors)
may be used, for example, as the energy storage unit 2.

For X-ray recordings, a considerable power is intermit-
tently used (e.g., in pulsed operation). With the present
embodiments, examinations may not be interrupted due to
problems with the energy supply. An interruption of an
examination not only has the disadvantage that resources in
devices and personnel are used to no avail but also the disad-
vantage that the patient is subjected to an unnecessary dose of
radiation (e.g., since the examination is not brought to a
conclusion and therefore, no result is produced). The present
embodiments start with this basis. According to the present
embodiments, an energy supply is provided during the exami-
nation, in which a medical workflow is connected with the
charging state of the storage unit 2. The charging state accord-
ing to the workflow or examination or treatment to be per-
formed is evaluated. As shown in FIG. 2, the storage unit 2 is
associated with a measuring element 21 that detects the
charging state. The measuring element 21 makes information
about the charging state available to an evaluation element 22,
which includes logic used for the evaluation. The evaluation
element 22 is connected to a control 23 of the X-ray device. In
the control 23, information is provided regarding the work-
flow to be performed. The workflow to be performed may be
adjusted or predetermined via parameters using an input ele-
ment 24 (e.g., console). For example, an adjustment may be
made that recordings are carried out in pulsed operation with
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predetermined current and voltage values (e.g., adjustment
information). The adjustment information is made available
to the evaluation element 22, which determines the energy
quantity required for the adjustment. On the basis of the
measured charging state and the energy quantity required, an
evaluation is carried out as to whether the intended examina-
tion may be successfully brought to a conclusion. To prevent
measurement inaccuracies and unforeseen energy require-
ments, aresidual energy may remain in the storage unit 2 even
after the examination (e.g., the storage unit 2 includes a mini-
mum storage energy that may be set). The result of the evalu-
ation leads to an output of information on a display 25 regard-
ing the feasibility of executing the examination. In addition, a
signal may be transmitted to the control 23. Using the signal,
the intended examination may be enabled and started.

In one embodiment, the evaluation or detection of an
energy content of the storage unit 2 may be performed as
described below.

In one embodiment, the energy storage unit 2 is imple-
mented using supercapacitors. The storage unit 2 supplies, for
example, an inverter with a predetermined direct voltage U,
(e.g., aminimum of 450V for the enabling of a recording) that
is achieved at the start of the recording. A linear charging
current for the supercapacitors or the capacitance bank thus
produced may be provided.

From the linear relationship Q=C*U=[*t (Q: capacitor
charging, C: capacitance, U: voltage, I: current, t: time), a
charging time of a given capacitance variable at a particular
voltage value U may be calculated and/or measured.

Capacitance values C may change over time (e.g., aging).
The capacitance values C may reduce. The change may be
seen on the basis of the known charging current and the
voltage that is to be constantly achieved. The scope of the
change may be calculated or measured (e.g., charging time t
shortens when a capacitance value C decreases). A reduction
in the storage capacity may thus be calculated therefrom and
considered during the evaluation of the charging state.

For an original capacitance, a discharge curve exists for the
voltage, the discharge curve describing the associated drop in
voltage by AU when a particular energy content is withdrawn.

A capacitance that is reducing over time results in the
change in the discharge curve. The changed capacitance may
be determined as described above. For the changed capaci-
tance, a corresponding discharge curve can be ascertained.

For the evaluation of a reliable recording in relation to the
energy supply, at least the following three variables are now
brought into play:

1. Consideration of an internal voltage drop due to a resis-
tance R, in the entire discharge circuit.

2. Consideration of a charging quantity required for the
recording (e.g., a parameter specified in mAs) and resulting
from this, a voltage drop that occurs (as an additional crite-
rion, the parameter voltage drop may include a margin from a
minimum permissible value (i.e., whether the voltage drop is
greater than the sum of the minimum permissible value and
margin may be checked)).

3. The availability of a minimum required direct current U,
that may not be undershot with the selected recording param-
eters (e.g., tube current and voltage) is checked. This may take
place with the aid of a table of kV parameters (e.g., there is a
minimum direct voltage Uy, ., with which the selected kV
value may also be achieved. This may depend on the trans-
former transmission ratio). The availability of the minimum
required direct current U, is dependent on the charging
quantity withdrawn.

FIG. 3 illustrates a procedure according to the present
embodiments in more detail. In act 31, solar energy is stored
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in an energy storage unit. This may be a continuous process.
In act 32, the charging state of the energy storage unit is
queried or measured, and the energy E; available is detected.
The energy E; available may be smaller than a total energy
E,,,.; stored in the energy storage unit in order to provide a
certain redundancy. In other words, a residual energy E that
remains in the storage unit 2 may be defined for safety reasons
(EL:Etotal_ER)'

With reference to the regulated examination or the record-
ing data input, the E , required for the examination is deter-
mined (act 33). In act 34, the two energy variables E, and E,
are compared. Ifthe required energy E , is smaller or equal to
the energy E; available, the treatment or recording is enabled
in act 35 and initiated in act 36. The query process may be
terminated (act 37). If the required energy E , is greater than
the energy E; available, a signal is output indicating that the
recording cannot be executed (act 38). In act 39, the recording
parameters may be adapted or changed such that the record-
ing parameters may be executed with the available energy
quantity E; . If this option is detected, a change in the record-
ing data is made in act 40; the change in the recording data
may happen semi-automatically (e.g., using an automatically
generated suggestion for a change). The change in the record-
ing data is confirmed in act 41, and a receipt is issued. A check
is performed as to whether the required energy E, is suffi-
cient. If the recording parameters are not to be changed, a
waiting timet,, thatis necessary for achieving a charging state
of the energy storage unit 2 that allows the treatment to be
carried out is estimated in act 42. Once the waiting time t,, has
expired (e.g., t,,=0), an evaluation or a comparison is made as
to whether the examination may be carried out (act 43).

The present embodiments are not limited to the case illus-
trated above. The present embodiments may be used for any
medical devices.

While the present invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made to the
described embodiments. It is therefore intended that the fore-
going description be regarded as illustrative rather than lim-
iting, and that it be understood that all equivalents and/or
combinations of embodiments are intended to be included in
this description.

The invention claimed is:
1. A medical device comprising:
an energy storage unit that is operable to be supplied with
solar energy;
an X-ray source supplied by the energy storage unit; and
a controller configured to:
evaluate a charging state of the energy storage unit
according to a medical workflow, the medical work-
flow comprising administration of an x-ray dose using
the X-ray source, the evaluation of the charging state
including an evaluation of whether sufficient energy is
stored in the energy storage unit to complete the medi-
cal workflow;
when insufficient energy is stored in the energy storage
unit to complete the medical workflow, predict a wait-
ing time for sufficient energy to be stored in the energy
storage unit to complete the medical worktlow;
output information related to a result of the evaluation of
the charging state or a signal related to the evaluation
of the charging state;
enable the medical workflow including the administra-
tion of the x-ray dose using the X-ray source when a
result of the evaluation of whether sufficient energy is
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stored in the energy storage unit is positive, the
administration of the x-ray dose being blocked until
the enablement; and

change the medical workflow when the result of the
evaluation is negative in order to reduce the energy
required, such that the medical workflow is execut-
able; or

output a suggested change in the medical workflow to
reduce the energy required, such that the medical
workflow is executable,

wherein the prediction of the waiting time comprises an

estimation of the waiting time when the result of the
evaluation is negative, the charging state of the energy
storage unit allowing the execution of the medical work-
flow after the waiting time.

2. The medical device as claimed in claim 1, wherein the
medical workflow relates to the execution of one or more
patient examinations, patient treatments or patient examina-
tions and treatments.

3. The medical device as claimed in claim 1, wherein the
energy storage unit is configured to provide a reserve energy
that is not undershot in a planned workflow.

4. The medical device as claimed in claim 1, further com-
prising a network connection configured for an additional
energy supply.

5. The medical device as claimed in claim 4, wherein the
storage unit is operable to be charged by solar energy and via
the network connection.

6. The medical device as claimed in claim 1, wherein the
controller is configured to evaluate the charging state of the
energy storage unit using an internal voltage drop in a dis-
charge circuit of the medical device, a required charging
quantity for the workflow, a minimum direct current required,
or a combination thereof.

7. The medical device as claimed in claim 1, wherein the
medical device is a medical X-ray device.

8. The medical device as claimed in claim 1, wherein the
evaluation of the charging state of the energy storage unit
comprises:

a determination of the charging state of the energy storage

unit;

a determination of an energy available according to the

charging state of the energy storage unit;

a determination of an energy required for the medical

workflow; and

a comparison of the energy available and the energy

required.

9. A method for evaluating a charging state of an energy
storage unit of a medical device according to a medical work-
flow, the storage unit being operable to be supplied with solar
energy, the medical device including an X-ray source sup-
plied by the energy storage unit, the method comprising:

determining the charging state of the energy storage unit;

determining an energy available according to the charging
state of the energy storage unit;

determining an energy required for the medical workflow,

the medical workflow comprising administration of an
x-ray dose;
comparing the energy available and the energy required
and evaluating whether sufficient energy is stored in the
energy storage unit to complete the medical workflow;

when insufficient energy is stored in the energy storage unit
to complete the medical worktlow, predicting a waiting
time for sufficient energy to be stored in the energy
storage unit to complete the medical workflow;

generating information or a signal according to a result of
the evaluation;
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executing the medical workflow including the administra-
tion of the x-ray dose using the X-ray source when the
result of the evaluation is positive, the administration of
the x-ray dose being blocked until the executing; and

changing the medical workflow when the result of the
evaluation is negative in order to reduce the energy
required, such that the medical workflow is executable;
or

outputting, by a controller of the medical device, a sug-

gested change in the medical workflow to reduce the
energy required, such that the medical workflow is
executable,

wherein predicting comprises estimating the waiting time

when the result of the evaluation is negative, the charg-
ing state of the energy storage unit allowing the execu-
tion of the medical workflow after the waiting time.

10. The method as claimed in claim 9, further comprising
changing the medical workflow when the result of the evalu-
ation is negative in order to reduce the energy required.

11. The method as claimed in claim 9, further comprising
outputting, by a controller of the medical device, a suggested
change in the medical workflow to reduce the energy
required.

12. The method as claimed in claim 11, further comprising
changing the medical workflow when the result of the evalu-
ation is negative in order to reduce the energy required.
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13. The method as claimed in claim 10, further comprising
evaluating whether sufficient energy is stored in the energy
storage unit after the medical workflow is changed in
response to the negative result.

14. The method as claimed in claim 9, further comprising
evaluating whether sufficient energy is stored in the energy
storage unit once the waiting time has expired.

15. The medical device as claimed in claim 2, wherein the
energy storage unit is configured to provide a reserve energy
that is not undershot in a planned workflow.

16. The medical device as claimed in claim 2, further
comprising a network connection configured for an addi-
tional energy supply.

17. The medical device as claimed in claim 3, further
comprising a network connection configured for an addi-
tional energy supply.

18. The method as claimed in claim 11, further comprising
evaluating whether sufficient energy is stored in the energy
storage unit after the medical workflow is changed in
response to the negative result.

19. The method as claimed in claim 9, wherein the medical
device is a medical X-ray device.
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